THIS work, upon material consisting of the first nasal discharge from three typical cases of acute human coryza, was taken up as a side line to the experiments in progress upon foot-and-mouth disease in hedgehogs. If first results should make it clear that it was worth while to press forward with the work, it was in mind to use what was known from the foot-and-mouth researches as a guide to resolve step by step the setiology of the human disease. The results communicated in this preliminary note suggest that the work should be continued.
(A) Some Introductory Remarks on Foot-and-mouth Disease in the Hedgehog
At a meeting of the Section of Pathology, at the Lister Institute, November 6, 1934 , the writer demonstrated lesions in the nasal mucosa of hedgehogs suffering -from acute foot-and-mouth disease, a finding which suggested a possible means of natural transmission of the disease. It is now known that the hedgehog is of special value in foot-and-mouth disease research, because in this species the disease spreads by contact. Guinea-pigs can of course be infected by inoculation, but usually the disease does not spread among them; their usefulness in laboratory work lies in their high sensitiveness to the virus when it is injected intradermally in the soles of the feet.
Among hedgehogs, foot-and-mouth disease is more fatal than in any species of animal in which this disease is known to occur. Thus, they may die within seven days after intradermal inoculation or after exposure to infection. Subacute and occult forms are also known, but the milder forms of infection often fail to spread. Infection rarely takes place by feeding, but it can be set up more often by intranasal instillation of the virus. The virus can be detected in the breath of hedgehogs for some time during the course of the disease. In the most acute forms it can be found from the second or third day until the time of death. In somewhat less acute forms the virus is present in the breath for a shorter time; it cannot be detected for some time before death, although at this late stage it can still be readily found in the epithelium covering the feet and tongue. Hedgehogs spread the disease by contact while the virus was present in their breath.
The virus cannot be detected in the breath of infected guinea-pigs, and severely affected guinea-pigs usually fail to spread the disease to hedgehogs by contact. Experiment to ascertain whether virus of foot-and-mouth disease multiplies in the nasal mucosa of hedgehogs infected by intradermal inocuilation, viz. into the soles of the feet (a very severe mode of infection). [June 1934.] The results, which are representative for one only of the group of 3 to 6 hedgehogs killed and examined each day in this experiment, are given below. Experiment to ascertain whether virus of foot-and-mouth disease multiplies in the nasal mucosa of hedgehogs infected by intramuscular inoculation, viz. into the thighs (a less severe mode of infection). [July 1934.] As in Table I , the results for one only of the group of 3 to 6 hedgehogs killed and examined each day are given below. (S = septic lesions produced in the plantar pads of the inoculated guinea-pigs. D = died from the septic infection. F = bacteria-free filtrates of tirbinates prepared for inoculation at this dilution.) Numbers in brackets indicate the proportion of guinea-pigs which reacted after intridermal inoculation.
For ascertaining the virus content of breath the washings (O 5 c.c.) of the interior of a tube up through which each hedgehogf had breathed for an hour (just before it was killed for examination of the virus content of its tissues) wvere used as inoculum.
The presence of the virus in the breath of hedgehogs is not related to its concentration in the blood, suggesting that it is expelled in the breath from lesions in the upper respiratory tract.
The virus can be detected in the breath while it is present in the nasal mucosa. The lesions consist at first of an intense, small-celled infiltration of the mucosa, with few bacteria; later, there is extensive catarrh and necrosis, anad a rich bacterial invasion, and at this stage the virus can no longer be detected in the muco sa.. Thus, infection with the virus of foot-and-mouth disease opened up a path to bacterial invaders. Nil Nil Each + and 0 denotes the reaction in a gtiinea-pig inoculated intradermally. The turbinates were inoculated in each case into two rabbits (dose, 0-05 gr.); the figuires in brackets denote hour (h) of death (D) from pasteurellosis; (R) = recovered, after showing symptoms.
By rabbit inoculation pasteurella organisms could be detected in acute cases from an early stage, namely from the third day onwards, in the nasal mucosa. The suppurative lesions set up in the feet of guinea-pigs by inoculation of nasal mucosa (turbinates) taken at a late stage were caused by strepbococci. Cultural examination, however, showed that the richest invader was usually Br. bronchiseptica, which was also found, frequently in pure culture, in the extensive bronchopneumonia seen in fatal cases of the disease.
In the heart blood and mesenteric glands S. enteritidis (Gaertner) was found in rich culture in fatal cases.
After the disease had been spreading rapidly by contact for some time, the lesions caused by the secondary invaders became progressively more prominent, while the superficial lesions of foot-and-rnouth disease tended to become less severe. Full details of these experiments will shortly be published in the Fifth Progress Report of the Foot-and-mouth Disease Research Committee.
There was, therefore, available for close study in acute foot-and-mouth disease in the hedgehog an acute coryza, associated with the multiplication of a varied and readily cultivable bacterial flora; this flora is again known to rnultiply as a sequel to infection of the mucosa with the virus of foot-and-mouth disease, the presence and concentration of which in the tissue can be readily determined by guinea-pig inoculation. It seemed possible that, if secretion from cases of human common cold contained a filtrable virus, this virus too might enable sub-pathogenic bacteria on the nasal mucosa of the hedgebog to obtain a foothold, multiply, and set up catarrhal lesions. The experiments to be noted shortly below go to show that this phenomenon occurred with all three specimens of material from human coryza. It did not arise in ferrets, mice, rabbits or guinea-pigs, but the experiments carried out with these animals may have been insufficient.
(B) A Short Review of the Experiments carried out with Common Cold Material
Although nose-running, commencing from the third to the fifth day after intranasal injection under light ether ancesthesia, was the symptom which led the writer to suspect in his first experiments that the broth filtrate of human nasal discharge (dose, 0 5-1P0 c.c. 1/25, filtered Seitz and Chamberland L3, first strain Cd. 10.11.34) contained an agent which acted upon the nasal mucosa, and which was not present in brotb alone, it was soon found that this symptom could not be taken as a sure guide to the degree of catarrhal inflammation likely to be discovered in the upper respiratory mucosa or of the extent to which bacterial multiplication had taken place. The results of an experiment (3.12.34) in which the action of the original "cold " filtrate was compared with that of foot-and-mouth virus in massive dose (1/10, broth filtrate of guinea-pig vesicle fluid) are summarized in Table V . Seventeen hedgehogs were used in this experiment. The results clearly showed that the " cold " filtrate was more active in disturbing the respiratory mucosa than the virus of foot-and-mouth disease.
From observation on many cases of acute foot-and-mouth disease in hedgehogs, one had not been led to expect as a symptom the discharge of an excessive amount of fluid from the nostrils; in very severe cases the snout usually had a dirty appearance, which was assumed to be due to local infection of the epidermis. M\oreover, in stocks of healthy hedgehogs, separately caged and well fed for a long time in captivity, there often flows from the nostrils, especially after slight chilling of the body surface, an appreciable amount of watery liquid, if the animals are held with their heads slightly inclined downwards for some time. When, however, a comparison was made between a group of 36 healthy hedgehogs and a group of 21 which had been infected four days previously via the nostrils with filtered and unfiltered passaged material (third passage, third strain, Bi, 28.10.35), discharge from the nose was found to be on the average five times as abundant among the animals of the second group; the fact that at the next intranasal passage there was no difference of this kind was taken to mean that the active agent had disappeared. With what was regarded as active material, the discharge was decidedly mucinous in character, and in cases which were afterwards found to have catarrhal lesions of the nose the flow from the nostrils sometimes began suddenly and was very profuse and slightly turbid.
Out of three hedgehogs injected intranasally with the second strain (CK, 1.2.35), in the form of the clear, centrifuged, undiluted, human discharge, excessive noserunning was present in two, but absent in the third, though when this animal was killed eight days after infection it showed extensive bronchitis and slight bronchopneumonia. In consequence it was found to be advisable to kill off the animals under experiment, regardless of the degree of nose-running, and after examining the chest contents, to fix the turbinates of one side for histological examination, conserving those of the other side for bacteriological examination and possible further passage. A very profuse watery discharge occurring early, i.e. within twenty-four hours, after intranasal injection, was observed in some cases to be accompanied by hardly any distinct catarrhal inflammation of the nasal mucosa or excessive bacterial growth. The results obtained in the first two passages with the third (Bi) strain are illustrative:-(a) First passage (28.10.35). Three hedgehogs (Nos. 1 to 3) inoculated intranasally with, 05 c.c. human nasal discharge, killed for examination on the fourth day. Two ferrets treated intranasally in the same way showed no changes, (b) Second passage (1.11.35). Four hedgehogs (Nos. 4 to 7) were inoculated intranasally with 0 * 5 c.c. unfiltered centifruged 1/10 supernatant of pooled turbinates from hedgehogs 1 to 3. Four hedgehogs were inoculated in the same way with the supernatant fluid after it had been heated at 570 C. for 70 minutes. The ones with the most abundant nose-running (all watery or slightly mucinous) were killed off FEB.-COMP. MED. 2 * first, in the order shown in Table VII . The turbinates were not histologically examined. The hedgehogs treated with the heated material showed no abnormalities. The results tend to show that when the nasal mucosa responds by early abundant secretion of fluid there is less likelihood of subpathogenic bacteria multiplying and of catarrhal lesions arising. At the third passage, nose-running distinctly in excess was observed after intranasal inoculation of filtrates (Chamberland L5) derived from turbinates taken from the second passage, but no excessive secretion was seen at the fourth passage.
To find out if Br. bronchiseptica more readily invades and multiplies in the respiratory mucosa when it is inoculated intranasally mixed with '.'cold" filtrate, the lung tissue of the hedgehog killed on the fourth day when it was found to be suffering from bronchopneumonia after infection with the first strain (Cd.) (see Table V ; second hedgehog inoculated with unheated " cold " filtrate) was triturated, 1/10, with broth and the centifruged supernatant filtered through an L3 candle. 1'0 c.c. of this filtrate was mixed with 0'1 c.c. twenty-four-hour broth culture from the lung of the same animal. Three hedgehogs, each inoculated (19.12.34) with this material died of severe bronchopneumonia on the ninth, eleventh and eleventh days respectively. Two hedgehogs inoculated with filtrate alone showed no symptoms except that in one of them there was some nose-running. Two control hedgehogs were injected intranasally with culture diluted with plain broth instead of with filtrate; one of these survived and showed no symptoms, the other accidentally died, but four more done in its place with the same culture survived without showing any distinct symptoms. With strains of Br. bronchiseptica kept in culture for a long time or recently grown from turbinates showing no marked catarrh, this enhancing action was not observed to occur. Strains recently isolated from severely affected lung tissue were of much higher virulence; they readily killed mice on intranasal inoculation and could establish themselves to some extent in the mucosa of hedgehogs, without the help of filtrates; they were likely to set up fatal infection if the mucosa was irritated within a few days by again anaesthetizing the animal. They were also found once associated with streptococci in the lung lesions of a control hedgehog that had died after intranasal inoculation. Filtrates from the lungs of the three hedgehogs inoculated on 19.12.34 had no enhancing action, and the strain was then presumed to have been lost. Foot-and-mouth disease virus could not be observed to enhance the action of Br. bronchiseptica introduced intranasally as above.
An attempt was made to exalt the virulence of the second strain (CK) by rapid passage of the bronchial and lung material from the hedgehog which was killed at first passage on the eighth day and found to be suffering from intense bronchitis and some bronchopneumonia (see above). It was hoped that in this way lung lesions, of the kind described by Shope [1] in ferrets and by Andrewes, Laidlaw and Wilson Smith [2] in mice, after intranasal inoculation with influenza material could be set up, without contaminating bacteria being present. At the second passage, one of two new hedgehogs showed intense nose-running on the fifth day, and post mortem there was marked bronchitis with bronchopneumonia affecting the azygos and apical portions of the lobes (see figs. 7 and 8). At the third passage, two of a group of ten hedgehogs showed marked nose-running on the third day and post mortem on this day there was commencing bronchitis and towards the dorsal regions of the lung some small areas of atelectasis (see figs. 9 and 10). At the first two passages Br. bronchiseptieca was found in rich pure culture, but at the third passage it was much less abundant in the lesions. It seemed likely, therefore, from these results that by rapid passage an influenzal type of lesion could be produced. Further passages could not be carried out at the time. Of twelve mice inoculated intranasally with the original human discharge, one died on the seventh day, with extensive dark-red consolidation of the lungs; the remainder were killed on the eighth day but only one showed lesions, viz., a small, dark-red, wedge-shaped patch at the posterior border of the main lobe of the right lung. All attempts at further passage in mice failed. It was difficult, however, to obtain satisfactory results when unfiltered lung material from hedgehogs was inoculated intranasally into mice, because these animals were likely to succumb if the inoculum contained Br. bronchiseptica. Thus, although the experiments have not clearly demonstrated a virus, the properties of which could be readily worked out by serum neutralization tests and in other ways, the results strongly suggest the presence of an active filtrable agent in the discharge of human beings suffering from acute coryza, and that this agent can be transmitted to the hedgehog. Experiments in which the inoculum has been introduced into the body by routes other than the intranasal one are so far too few to rule out the possibility of infection by these other routes. Activation of bacterial invaders in the respiratory tract is a well-known phenomenon in natural attacks of the virus diseases, swine fever and dog distemper. The recent studies of Waldmann and Kobe [3] upon a widespread mild form of infectious bronchitis in horses are also suggestive; other species, namely cattle and pigs, it is reported, are readily infected with the virus of the horse disease by the respiratory route, and in cattle, after a short incubation period (two to three days) there are set up lesions of bronchopneumonia from which are recovered various bacteria (streptococci, Pasteurella), which are apparently activated in the respiratory mucosa by the virus infection.
The human discharge, from which the first strain was derived, was free from bacteria: in the case of the second strain the discharge contained a few saprophytic bacteria only; with the third strain, which was isolated from the last of a series of severe colds at a large local institution, fairly numerous diplococci were present in the discharge. All three patients had shown acute malaise without rise of temperature for several hours before discharge from the nose began.
An interesting point is that since work on foot-and-mouth disease was taken up with hedgehogs [41, it has been shown by Findlay and his colleagues [5, 6] that these animals are extremely susceptible to the virus of yellow fever, the neurotropic strain of this virus producing a progressively fatal disease after visceral injection. Table No . VI) killed four days after intranasal inoculation with human discharges.
FIG . 12. -" Common cold," third strain (B1). Peribronchitis, slight bronchopneumonia and emphysema in another hedgehog (see Table No . VI) killed four days after intranasal inoculation with human discharge.
To sum up: The chief points of evidence forthcoming from these preliminary experiments, which suggest that acute human coryza is caused by a filtrable virus transmissible to the hedgehog, seem to be the following:
(1) With all three specimens of human nasal discharge inoculated intranasally, there was set up a catarrhal condition in the respiratory mucosa of hedgehogs; this condition was not seen to be set up by inoculation of broth or other inert fluid in the same way.
(2) The catarrhal lesions contained bacterial invaders which were not present in the inoculated human material, but which were similar in variety and kind to those known to be activated in the respiratory mucosa of hedgehogs when they suffer from a severe attack of a known virus disease, namely, foot-and-mouth disease.
(3) The catarrhal condition was set up in hedgehogs as readily after the intranasal method of inoculation with the human material, whether filtered or unfiltered, as with large doses of the virus of foot-and-mouth disease.
As they stand, however, the results so far obtained may be held not to furnish conclusive proof of the transmission of a virus, for the following reasons (1) There was a rich bacterial invasion in all the more severe cases of catarrhal disease observed in the hedgehogs.
(2) This bacterial invasion may have been activated by some form of irritation other than a virus present in the materials inoculated intranasally.
(3) Although usually harmless when inoculated intranasally in the form of laboratory cultures, the bacteria detected in the invaded mucosa were largely such as are known to become readily exalted in virulence by animal passage. I wish to acknowledge the encouragement given to me in undertaking this work, using the resources at the Foot-and-mouth Disease Research Committee's Experimental Station, Pirbright, by the Director, Dr. W. H. Andrews; also the invaluable Dr. STUART-HARRIS said that hedgehogs inoculated intranasally with the nasal washings from human beings with common colds had been observed to develop a slight nasal discharge. His own work had, however, raised objections to the belief that this nasal discharge was a specific effect for the following reasons:
(1) Normal hedgehogs varied considerably from time to time as to the dryness or wetness of their noses so that at times normal animals might be said to have a slight nasal discharge.
(2) Bacillus bronchi8epticus inoculated intranasally gave rise to a slight nasal discharge, and as this organism was encountered in the nasal flora of the hedgehog the introduction of liquid of any sort into the nose of the latter, especially after an ansesthetic, might account for all the symptoms observed.
(3) So far he had been unable to correlate the nasal discharge induced by "cold" material with any constant histological changes.
The whole problem hinged upon the question of activation of the normal nasal flora of the hedgehog and whether this could be produced only by a filtrable virus or by non-specific means. Lung lesions obtained in anesthetized animals were, in his own experiments, shown to be due to the combined effect of an aniesthetic and liquid inoculation into the nose, and consisted merely of cedema and congestion.
Pyelitis of Pregnancy in the Light of Conditions Found in Mice
after the Prolonged Administration of (Estrogenic Compounds By HAROLD BURROWS, F.R.C.S.
[ABSTRACT].
DILATATION of the upper portions of the ureters and the renal pelves is commonly present in pregnant women and has been considered an important factor in pyelitis. The dilatation appears early in gestation-somewhere about the third month -and is not attributable therefore, as was once thought, to pressure by the pregnant uterus. During life there is no impediment to the passage of ureteral catheters and it has been impossible to demonstrate any obstruction to the outflow of urine. Kidd, in 1920, seems to have been the first to suggest that this dilatation of the ureters in pregnant women might be caused by chemical substances present in the blood during gestation.
Kidd's suggestion is interesting in the light of certain conditions found in mice after the prolonged administration of aestrogenic compounds. In such mice a dilatation of the bladder and ureters with hydronephrosis frequently occurs and is accompanied sometimes by a purulent cystitis and pyelitis. Just as happened after the discovery of ureteral dilatation in pregnant women, so it was with mice subjected to the excessive action of cestrogens; that is to say, the urinary difficulties were attributed to obstruction of the outflow by tangible obstacles.
In female mice treated with cestrogens the vagina becomes distended by a mass of keratinous debris large enough, apparently, to compress the urethra against the
